ABSTRACT
INTRODUCTION
Biofeedback is a behavioral technique used by both medical and mental-health practitioners to teach their patients how to reduce troubling symptoms via self-regulation of bodily functions. Visual biofeedback can foster development of self-regulation by providing a graphic representation of patients' physiological data and facilitating their awareness. The power of biofeedback with regard to labor lies in two sources: giving the patient a feeling of control by providing information about her body condition along with awareness of her ability to affect and change it, and indicating the proper direction for pushing in order to improve labor performance [1] [2] [3] [4] [5] [6] .
The effect of various pushing techniques during labor has been studied quite extensively during the past several years [7] [8] [9] [10] [11] . Women with regional analgesia frequently lack the pressure sensation of the fetal head, which makes coached maternal pushing essential for achieving proper and effective pushing during the second stage of labor in such women.
Transperineal ultrasound (TPU), which is now used commonly during labor as an objective method for the measurement and assessment of fetal head station and direction [12] [13] [14] , may be utilized as a powerful source of visual biofeedback. It has been hypothesized that routine ultrasound examination during pregnancy offers mothers visual confirmation of the presence of their fetus and operates as a means of contact with their unborn child [15] [16] [17] [18] [19] , which might contribute to healthy mother-infant bonding 20 . Thus, visual biofeedback by TPU carries potential benefits not only in improving obstetric results but also improving feelings of control during the labor process as well as feelings of maternal connectedness with the fetus.
The aim of this study was to assess the obstetric significance and psychological outcomes of visual biofeedback using TPU in low-risk nulliparous women during the second stage of labor.
PATIENTS AND METHODS

Study design and participants
This was a prospective, single-center, observational study conducted at a central city hospital (The Chaim Sheba Medical Center, Israel) with approximately 850 deliveries per month (representative sample). All patients in the intervention and control groups were followed in the postdates clinic. Inclusion criteria were low-risk nulliparous women opting for a vaginal delivery. Given the high incidence of epidural analgesia in the primiparous population in our delivery room and the added value of coaching in this particular group, only nulliparous women with epidural analgesia were included in the study. Patients were recruited into the study group if they had reached full dilatation at the time two senior obstetricians (Y.G., S.P.), both well trained in the sonographic technique and not involved in labor management, were on call. Recruitment took place between April 2015 and July 2017. The study was approved by the clinical ethics committee, and informed consent was obtained from all patients.
During the recruitment period, 27 patients with epidural analgesia who reached the second stage of labor with a fetus in vertex presentation and reassuring fetal monitoring were recruited and assigned randomly to the intervention group that received visual biofeedback. One participant was excluded owing to self-reported lack of understanding of the relationship between her pushing efforts and observed movement of the fetal head (i.e. lack of understanding of the biofeedback intervention). Therefore, the final study sample consisted of 26 participants in the visual biofeedback (intervention) group, and 69 controls who did not receive biofeedback.
During their postnatal hospital stay, participants completed self-report questionnaires pertaining to psychological outcomes. The following obstetric variables were considered as potential control variables: maternal age, maternal body mass index (BMI), estimated fetal weight, induction of labor, birth weight, head circumference of the newborn, fetal head position and use of oxytocin.
Visual biofeedback intervention
All participants in the study and control groups received coached maternal pushing by midwives, according to routine obstetric care in our hospital. In addition, the biofeedback group received visual biofeedback using TPU during the second stage of labor regardless of fetal head station or prior pushing efforts.
The biofeedback procedure was performed by the senior obstetricians (Y.G., S.P.) with the women in a supine position and with an empty bladder. During the first pushing effort, the women were blinded to the ultrasound screen and to the efficacy of their pushing effort. Afterwards, the biofeedback process was performed in three steps: (1) a short explanation was given to the woman of the TPU technique and the relationship of the fetal head and birth canal on the ultrasound screen; (2) the parturient was asked to cough and observe the movement of the head towards the birth canal as a result of the Valsalva effect; and (3) in synchronization with uterine contraction, the woman made a pushing effort while observing the movement of the fetal head towards the birth canal, thus receiving clear visual biofeedback of her pushing efficacy on the ultrasound screen.
In order to confirm participant understanding of the visual biofeedback intervention, during the biofeedback explanation and procedure, participants were asked explicitly whether they understood the relationship between their pushing efforts and the observed movement and direction of the fetal head. Parturient level of understanding of the visual biofeedback procedure was recorded on a Likert scale from 1-7 by the physician who performed the biofeedback.
Participants were then instructed to continue to employ the pushing strategy that they acquired via visual biofeedback while mentally visualizing movement of the fetal head during the remainder of the second stage of labor. Following this short intervention, which lasted an average of 5 min, the labor was supervised by the midwife according to standard obstetric care.
Deliveries were overseen by midwives who were not familiar with TPU and angle of progression (AoP) technique and who were not present at the time of examination. Both the midwives and attending obstetricians were blinded to the TPU and biofeedback results, therefore, all labor-associated procedures, such as episiotomy and instrumental delivery, were not affected by the biofeedback intervention.
Outcome measures
Pushing efficacy
Sonographic measurements were performed online as part of the biofeedback procedure. For each case, all measurements were performed by the same examiner.
Ultrasound measurement of the AoP was made with a commercially available Voluson I portable ultrasound system (GE Medical Systems, Zipf, Austria) and a Venue 50 (GE Medical Systems) both equipped with a 3-5-MHz convex transabdominal transducer using the technique described by Barbera et al. 21 . TPU images were obtained by placing a covered transducer between the labia below the pubic symphysis. The ultrasound beam was aligned in a midsagittal orientation to include the whole length of the pubic symphysis and the fetal skull. The AoP was measured as the angle between a line drawn through the midline of the pubic symphysis and a line running from the inferior apex of the pubic symphysis, tangential to the fetal skull. Four measurements of the AoP were obtained in real time from the two-dimensional image: (1) baseline measurement at rest between contractions (blinded to the ultrasound screen); (2) measurement at the peak of a pushing effort synchronized with a contraction (blinded to the ultrasound screen); (3) new baseline measurement prior to the next pushing effort; and (4) measurement following the biofeedback process. AoP was measured at the peak of each pushing effort. For statistical purposes, pushing efficacy was defined as the difference (delta) between AoP during pushing and prior AoP measured at rest.
Perineal tearing
Perineal tearing was assessed following delivery by an attending obstetrician, who was unaware of study participation and goals, and data were collected retrospectively from the computerized medical files. In this study, spontaneous vaginal deliveries with episiotomy were included in the perineal tearing group.
Perceived control and maternal satisfaction during childbirth
During their postnatal hospital stay, participants completed self-report questionnaires about their perceived control during childbirth based on the Perceived Control in Childbirth (PCCh) Scale 22 , including 12 items (example item: 'I was able to participate in making decisions about how to manage my labor and birth'), and about their satisfaction with childbirth based on the Satisfaction with Childbirth (SWCh) Scale 22 , comprising seven items (example item: 'In most ways, my childbirth experience was close to my ideal'). Participants rated their agreement on a 6-or 7-Likert-point scale, respectively, ranging from 'Strongly disagree' to 'Strongly agree'. Final scores were computed by averaging all items. Cronbach's alpha was 0.81 for perceived control and 0.88 for satisfaction with childbirth.
Feelings of maternal connectedness with newborn
During their postnatal hospital stay, parturients completed a single-item self-report questionnaire in which they rated their emotional connection to their baby immediately after birth, by means of the following question: 'Rate the degree to which you felt connected to your baby immediately after birth'. The question was scored on a Likert-type scale, ranging from 1 (not connected at all) to 7 (very connected).
Statistical analysis
Data were analyzed using statistical software SPSS 21 (IBM Corp., Armonk, NY, USA). Repeated-measure analysis was employed to examine differences in push efficacy within the biofeedback group. Analyses were controlled for eight obstetric variables of interest (maternal age, maternal BMI, birth weight, estimated fetal weight, induction of labor, head circumference of the newborn, fetal head position and use of oxytocin). Control variables that contributed significantly to the model were retained in the final model. Pre-and postintervention push efficacies served as within-subject variables, and control variables served as between-subject covariates.
For between-group analysis, preliminary analyses were conducted prior to the main analyses to determine relevant covariates. Variables that differed significantly between groups were included as covariates in between-group analyses. Main analyses employed univariate analysis of covariance (ANCOVA) to examine between-group differences in both obstetric outcomes (i.e. mode of delivery and perineal intactness) and psychological outcomes (i.e. perceived control during childbirth, maternal satisfaction with childbirth and maternal level of connectedness with the newborn). Cox regression with censoring of operative deliveries was used to assess between-group differences in the duration of the second stage of labor. One-tailed P-values were considered for main analyses (the preferred method when testing one-tailed hypotheses, especially in small samples), with a cut-off of P < 0.05 for decisions concerning significance. For the inclusion of control variables, two-tailed P-values were considered, with a cut-off of P < 0.1. Raw descriptive continuous and count data are presented as means and frequencies, respectively, with 95% CIs based on 5000 bootstrap samples.
RESULTS
Demographic and clinical characteristics of the study and control groups are presented in Table 1 . No significant differences were observed in maternal age, maternal BMI, estimated fetal weight, birth weight, fetal head position and use of oxytocin (all P > 0.12) between the two groups. However, in women who received standard care compared with those who received visual biofeedback, induction of labor occurred more often (34.8% vs 7.7%; P = 0.008) and head circumference of the newborn was greater (35.0 cm vs 34.3 cm; P = 0.03), therefore, these variables were included as covariates in all between-group analyses. Obstetric and psychological outcomes are presented in Table 2 . Data are given as mean (95% CI) or n (%) (95% CI). BMI, body mass index; GA, gestational age; HC, head circumference; NS, not significant. Data are given as n (%) (95% CI), mean ± SD or mean (95% CI). *Equivalent spine, or head station denoted by superscript numbers, calculated based on studies [23] [24] [25] correlating clinical fetal head station and sonographic angle of progression (AoP). †Based on single-item self-report questionnaire with score of 1-7 on Likert-type scale. ‡Based on Perceived Control in Childbirth scale 22 . §Based on Satisfaction with Childbirth scale 22 . AoP, angle of progression; NA, not applicable.
Obstetric outcome
Analysis of delta AoP before and after intervention in women who received visual biofeedback revealed a significant effect of biofeedback on pushing efficacy (P = 0.01). Delta AoP before visual biofeedback (mean, 22.2 • (95% CI, 13.9-31.7
• )) was significantly lower than delta AoP after biofeedback (mean, 35.2 • (95% CI, 25.9-45.3 • )) ( Table 2 ).
There was no significant difference in mode of delivery (P ≥ 0.25) or length of the second stage of labor (P = 0.20) between the biofeedback and control groups ( Table 2 ).
An intact perineum was observed more often in women who received visual biofeedback (15.4% (95% CI, 3.8-30.8%)) than in those who did not (4.3% (95% CI, 0.0-10.1%); P = 0.03)) ( Table 2 ). The incidence of perineal tearing according to grade is shown in Table 2 .
Psychological outcomes
Women who received visual biofeedback reported significantly higher levels of connectedness with their newborn immediately after birth than did controls (mean score on Likert-type scale, 6.9 vs 5.9; P = 0.003).
Specifically, while 25% (95% CI, 15.0-36.7%) of women in the control group reported moderate to low levels (indexed by scores of 5 and below) of feelings of connectedness with their newborn, 0% (95% CI, 0.0-0.0%) reported such levels within the biofeedback group, i.e., within the biofeedback group 100% (95% CI, 100.0-100.0%) of women reported strong to very strong levels (indexed by scores of 6 and 7) of connectedness (P = 0.01).
Perceived control during childbirth and maternal satisfaction with childbirth did not differ significantly between the biofeedback and control groups (P = 0.50 and P = 0.38, respectively).
DISCUSSION
In this paper we describe a pioneering technique of visual biofeedback using TPU during the second stage of labor. Obstetric outcomes support the hypothesis that visual biofeedback can serve as a useful tool for nulliparous women with epidural analgesia during the second stage of labor, promoting more efficient and regulated pushing and thereby reducing the severity of perineal tears. With respect to psychological effects, the study showed that participants who received visual biofeedback during birth felt a stronger connection with their baby immediately after birth. This finding is consistent with the results of previous studies showing a clear association between the use of ultrasound during pregnancy and an increased sense of connection with the infant shortly after the ultrasound examination [17] [18] [19] . It is reasonable to assume that visual biofeedback helps mothers to shift their attention towards their babies during childbirth. Of all the, often difficult, aspects of childbirth, biofeedback highlighted the positive and desired outcome of labor: the successful birth of a baby. It is also possible that women who observed the effect of their physical effort on the fetus's progress in the birth canal felt that they were working synchronously in a 'joint effort' with them, which strengthened the feeling of bonding. Indeed, women who received visual biofeedback during childbirth reported a sense of reciprocity with their baby when describing their childbirth experience.
Visual biofeedback has been utilized previously during the second stage of labor by using a mirror 26 , with the majority of women reporting that this assisted them during pushing. The advantage of biofeedback via ultrasound during the laboring process lies in the fact that it can be performed when the fetal head is in a higher station than crowning, as is the case with the mirror technique. In addition, head descent can be calculated quantitatively and indicated clearly to the patient by a greater AoP. This empirical index of progression may serve to enhance the patient's motivation to exert a greater pushing effort. Motivation plays a key role in biofeedback, as the process is based on the principle of active involvement of the patient in the training process to encourage self-regulation.
Importantly, this study suggests that biofeedback through TPU is simple to understand and thus has the potential for wide dissemination. We found that the anatomical relationship between the fetal head and the position and direction of the birth canal was understandable within a few min by the vast majority of the laboring women with an epidural, allowing them to utilize the intervention to improve the efficiency of their pushing. Out of 27 participants, only one reported insufficient understanding of the procedure, showing that, in general, this form of visual biofeedback may be widely effective. Additional advantages of visual biofeedback using TPU and AoP measurement are that it can be performed using all ultrasound machines and that measurement of AoP has been reported to have a steep learning curve and high reproducibility 13, 14 . Interestingly, even though obstetric outcomes suggested increased control and regulation over physical functions, this study did not show the expected enhancement of perceived control during childbirth. Future studies might explain explicitly to women that the goal of the biofeedback procedure is to acquire greater control over their body during labor. This cognitive reframing may foster perceived control.
We acknowledge some limitations of this pilot study, which should be addressed in future studies. The small size of the intervention group may have contributed to pre-intervention between-group differences. In addition, the study lacked standardization of the timing of biofeedback administration. Future research would benefit from standardized timing and perhaps manipulating the timing of biofeedback in a controlled manner to investigate the specific conditions under which the biofeedback intervention might be most effective. Specifically, owing to the unpredictable and sometimes hectic nature of labor and delivery wards, it may not always be possible to administer biofeedback promptly at the beginning of the second stage. Empirical data regarding the time at which biofeedback may no longer be effective would be informative in formulating recommendations for broad dissemination. Likewise, future studies should identify which populations would benefit most from biofeedback, thus allowing for targeted intervention. Finally, it would be interesting to study the effects of biofeedback in women who had had a traumatic labor experience in the past.
In conclusion, this pilot study shows that visual biofeedback using TPU may serve as a complementary tool to coached maternal pushing during the second stage of labor, with obstetric and psychological benefits. Further studies are needed to confirm our findings and further investigate the advantages and optimal duration of this promising method.
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